Introduction
Although the role of Mycoplasma fermentans in human diseases is yet uncertain, it has been suggested that this organism has a role in the pathogenesis of rheumatoid arthritis [4, 5] and acts as a cofactor in the development of AIDS in HIV positive individuals [6] . A variety of M. fermentans strains have been isolated from arthritic joints, bone marrow, genital tract and respiratory tract [4^7], but there was no attempt to assign molecular or functional characteristics to these strains. Recently, a correlation was found between the expression of a protease-resistant surface antigen and the site of isolation of the strains [7] , and diversities among the strains with respect to carbohydrate metabolism [8] , 5-nucleotidase activity [9] , pyrolysis mass spectrometry pro¢le [10] and the distribution and composition of insertion-like elements [11] were described. A major virulence factor of M. fermentans is its ability to adhere to the surface of epithelial cells [5] . Furthermore, the lack of a rigid cell wall allows a direct and intimate contact of M. fermentans with the host cell. Under appropriate conditions, such contact may lead to cell fusion [12] . It has been suggested that the ability to adhere to and fuse with host cells are mediated by a choline-containing membrane lipid [13, 14] . The detailed analysis of M. fermentans lipids carried out recently [1^3] revealed four unique choline-containing polar lipids in the cell membrane, which consist of up to 40% of the total polar lipid fraction. The major one is MfGL-II [1] which unlike most lipids, is a potent immunogen capable to elicit polyclonal monospeci¢c anti-MfGL-II antibodies upon immunization of rabbits [13] . In the present study we show that the pro¢le of the choline-containing lipids in the respiratory isolates is di¡erent from the pro¢le in strains isolated from bone marrow, arthritic joins or genital tract. 31 ) both products of The Radiochemical Centre (Amersham, UK) were added to the growth medium. Growth was followed by measuring pH changes in the medium. Cells were harvested at the late exponential phase of growth (pH 6.5), by centrifugation at 12 000Ug for 15 min, washed with, and suspended in a solution containing 250 mM NaCl and 10 mM Tris^HCl (pH 7.4).
Materials and methods
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The human lymphocyte cell line Molt-3 was obtained from the American Type Culture Collection (Rockville, MD, USA). The cells were maintained in RPMI 1640 medium containing 20% FCS, penicillin (100 Wg ml 31 ) and streptomycin (100 Wg ml 31 ). All medium components were obtained from Biological Industries, Israel. Molt-3 cells were inoculated at a 1:10 ratio and grown for 72 h at 37³C in a humidi¢ed atmosphere containing 5% CO 2 to a density of 1.106 cells ml 31 .
Lipid analyses and immunostaining
Lipids were extracted from washed cells by the method of Bligh and Dyer [16] . The solvent was evaporated under a stream of nitrogen and the dried lipids were redissolved in 1^2 ml chloroform. For qualitative lipid analysis the total lipid fraction (20 Wl containing 200 Wg) was chromatographed on silica gel HR coated plastic plates (Merck, Darmstadt, Germany) using a two-step developing system [17] . The plates were ¢rst developed in petroleum ether: acetone (3:1 by volume), dried and then developed in the same direction in chloroform:methanol:water (65:27.5:5 by volume). Lipid spots were detected by iodine vapor and by the Dittmer^Lester, Dragendor¡ and ninhydrin spray reagents [17] . For determining radioactivity in the lipid spots, they were scraped o¡ the plate into scintillation vials containing 5 ml of scintillation liquid and radioactivity was measured in a Beckman scintillation spectrometer and expressed as decompositions per min (dpm). Alternatively, the TLC plates were exposed to imaging plates (Fuji Photo Film) for 6 h and then processed, using the Fujix BAS (Fuji) radiation image analysis system.
Immunostaining of membrane lipids was performed as previously described [18] . Developed chromatogram plates, containing lipid spots, were coated with a polyisobutyl^methacrylate solution (0.05% in hexane) and allowed to dry. The plates were then blocked with PBSB SA bu¡er containing 0.05% Tween 20 for 15 min and then incubated with anti-MfGL-II antiserum, diluted 1:500 in PBS^BSA bu¡er for 1 h at 22³C. The plates were rinsed ¢ve times with PBS^BSA bu¡er and incubated with a peroxidase-conjugated goat anti-rabbit IgG (diluted 1:25 000 in PBS^BSA bu¡er) for 1 h at 22³C. The plates were then washed and developed using the ECL1 blotting detection reagent (Amersham International, Inc.) according to the manufacturer's instructions and autoradiographed.
Fusion of M. fermentans with Molt-3 cells
Fusion of the mycoplasmas with the Molt-3 cells was monitored by the octadecylrhodamine B chloride (R18, Molecular Probes, Eugene, OR, USA) assay described before [12] . For the labeling of the mycoplasmas with R18, 10 Wl of an ethanolic solution of R18 (1 mg ml 31 ) were added to 1 ml of a Mycoplasma cell suspension containing 1 mg cell protein ml 31 and incubated at room temperature for 15 min in the dark. The cells were then harvested and washed twice by centrifugation in an Eppendorf centrifuge for 3 min. The R18-labeled mycoplasma cell suspension (10^20 Wl) were rapidly mixed with 1 ml of Molt-3 cells precooled to 4³C, (10 6 cells ml 31 ). The temperature of the mixture was maintained at 4³C for 30 min and the cells were then sedimented by centrifugation, washed twice and resuspended in 1 ml of cold PBS. The cell suspension was then transferred to 37³C and the intensity of £uorescence dequenching was measured with excitation and emission wavelength 560 and 590 nm, respectively. The dequenching degree obtained in the presence of 0.1% Triton X-100 was taken to present 100% dequenching, i.e., in¢nite dilution of the probe.
Western immunoblotting
Membrane proteins were subjected to SDS^PAGE as described by Laemmli [19] . The proteins were transferred to nitrocellulose membranes (BA-85, Schleicher and Schuell) with a Hoefer electrophoretic transfer unit according to the manufacturer's recommendations. To analyze phosphocholine-containing proteins, rabbit antiMfGL-II [13] and anti-rabbit peroxidase-conjugated antibodies (Jackson Immune Research) or monoclonal mouse anti-phosphocholine (TEPC 15, Sigma Immunochemicals) and anti-mouse IgG peroxide-conjugated antibodies were used. The immunoreactive bands were detected with ECL1 Western blotting detection reagents (Amersham International) according to the manufacturer's instructions.
Analytical methods
Protein was determined by the method of Bradford [20] using BSA as the standard. Detergent phase fractionation of the M. fermentans membranes with Triton X-114 (Tx-114) was carried out as described in details elsewhere [21] . For colony immunoblotting, circles of nitrocellulose membrane ¢lters (BA-85, Schleicher and Schuell) were placed on Mycoplasma colonies on the surface of agar plates and left for 5 min. They were then gently removed from the agar surface and placed in Petri dishes with transferred colonies facing up. Colony blots were immunostained with polyclonal rabbit anti-MfGL-II as described above for Western immunoblots. Fig. 1 shows the structure of three major cholinecontaining phosphoglycolipid identi¢ed in the cell membrane of M. fermentans. MfGL-II has been found to be the major polar lipid of M. fermentans PG18 and has been identi¢ed as 6P-O-[3Q-phosphocholine-2Q-amino-1Q,3Q-propanediol)-a-D-glucopyranosyl]-(1PC3)-1,2-di-acyl-sn-glycerol with hexadecanoyl (16:0) and octadecanoyl (18:0) in a molar ratio of 3.6:1 constituting the major acyl residues [1] . MfGL-I is similar to MfGL-II but without the 2-amino-1,3-propanediol-1,3-bisphosphate [2] , whereas, MfEL is a new ether lipid recently identi¢ed by us as 1-O-alkyl/ alkenyl-2-O-acyl-glycero-3-phosphocholine [3] . This lipid is heterogeneous with respect to both acyl and alkyl/alkenyl residues. The acyl residues at position 2 of glycerol are hexadecanoyl and octadecanoyl whereas the alkyl/alkenyl residue at position 1 of glycerol is primarily hexadecyl (78%, [3] ).
Results and discussion
TLC analysis of lipid extracts from [ 14 C]choline-grown M. fermentans strains is shown in Fig. 2 . The three-choline-containing lipid spots, MfGL-II, MfGL-I and MfEL were identi¢ed by comigration with standards and by staining characteristics. MfGL-II was positively stained with the Dittmer^Lester reagent which detects phosphorus-containing lipids, the Dragendor¡ reagent which detects choline-containing lipids and the ninhydrin reagent which detects lipids containing primary amino groups. MfGL-I and MfEL were positively stained with the Dittmer^Lester reagent, and the Dragendor¡ reagent but did not react with ninhydrin. All three lipids were metabolically labeled by radioactive choline (Fig. 2B) . When the lipid spots were reacted with rabbit anti-MfGL-II antiserum and visualized with the enzyme-linked secondary antibody a strong reaction was obtained with MfGL-II and MfGL-I but not with MfEL (Fig. 2C) . The positive reaction obtained with MfGL-I is apparently due to the ¢nding that the anti-MfGL-II repertoire is composed primarily of anti-phosphocholine antibodies [13] . The observation that MfEL, though containing a terminal phosphocholine residue, did not respond with the anti-MfGL-II preparation suggests that the close proximity of the phosphocholine moiety in MfEL to the hydrophobic region of the molecule hinders its interaction with the antibodies. As expected, no reactivity by immunostaining was detected with non-immune rabbit serum (data not shown). Fig. 2 also shows that the pro¢le of the choline-containing lipids di¡ers among the various M. fermentans strains tested. Most pronounced was the di¡erence between the respiratory isolate M52 and the two other strains. Whereas in strains PG18 and AOU MfGL-II was the major cholinecontaining lipid, in M52 almost no MfGL-II was detected and the radioactivity was quantitatively recovered in the MfGL-I and MfEL lipid spots.
Quantitative analysis of the choline-containing lipids of representing M. fermentans strains is shown in Table 1 . Whereas in PG18, AOU, Z62 and in the Incognitus strain MfGL-II was the major choline-containing lipid and the level of radioactivity incorporated into MfGL-I and MfEL were very low, the respiratory isolates M39 and M52 have almost no MfGL-II but contain large amounts of MfGL-I and MfEL. As expected, colonies of both PG18 and the respiratory isolates (M39 and M52) were immunostained with the polyclonal monospeci¢c rabbit anti-MfGL-II antiserum (data not shown). MfGL-II was the major choline-containing lipid also in strains F7, F1 (both isolated from mouse cell culture), KL4 (a human rheumatoid synovial £uid isolate), BRO (a human urethra isolate) A6 (a cell culture isolate) and #5 (a urine isolate) (data not shown).
It has been suggested that MfGL-II is the fusogenic lipid that is responsible for enhancing the fusion of M. fermentans with Molt-3 lymphocytes [12^14]. Fig. 3 shows that although the respiratory isolates M39 and M52 have no MfGL-II these strains fused with Molt-3 cells at almost the same rate and to about the same extent as PG18 or Z62 suggesting that MfGL-II is not fusogenic. Furthermore, recent biophysical analyses suggested that MfGL-II is not likely to have fusogenic properties (L. Reilfors, unpublished data). It was recently shown that M. fermentans synthesize minute amounts of a phosphocholine-containing lyso-ether lipid [3] . Low levels of lysolipids were shown to be able to substantially enhance the rate of fusion in model membranes and biomembranes [22] . It is therefore likely that the lyso ether lipid found in all tested M. fermentans strains [3] act as a fusogen enhancing the fusion with Molt-3 cells.
When M. fermentans cells were grown with [ 14 C]choline, about 3% of the label remained tightly protein-bound even after four consecutive extractions with chloroform^meth-anol. The protein associated radioactivity was found Fig. 3 . Fusion of M. fermentans strain with Molt-3 cells. For measuring fusion kinetics, R18-labeled M. fermentans were incubated at 37³C in the presence of 5% PEG with Molt-3 cells (1:10 ratio) and fusion was followed as previously described [2] . (a) Incognitus ; (E) PG 18; (O) M 52; (U) M 39; (7) Z 62; Mycoplasma capricolum (b) was utilized as a negative control. mainly (V80%) in the membrane fraction. To identify choline-containing proteins in the membrane preparations, the polyclonal anti-MfGL-II antiserum [13] was utilized. This antiserum was shown to be composed primarily of anti-phosphocholine antibodies [13] . Analysis of the lipid pre-extracted M. fermentans (PG-18) membrane by onedimensional SDS^PAGE followed by an immunoblot assay with the anti-MfGL-II antiserum revealed that out of about 40 protein bands identi¢ed by Coomassie blue staining (Fig. 4A) , ¢ve protein bands with apparent molecular masses of 32, 41, 48, 61 and 80 kDa were immunoreactive (Fig. 4a) . P41 and P61 were recovered in the integral membrane protein fraction selectively partitioned into the TX-114 phase after TX-114 phase fractionation (Fig. 4B,b) . Both of these proteins were previously identi¢ed and characterized as lipoproteins [21] . It is, of course, possible that the immunochemical response of the protein bands is not an inherent property of the proteins, but is due to minute and undetectable amounts of MfGL-II that are intimately associated with selected proteins.
